INTRODUCTION 45
Surface waters worldwide are often contaminated with treated sewage effluent containing 46 pharmaceutical and personal care products (PPCP) in the ng/L to µg/L range. Their 47 presence reflects the fact that, despite variation in excretion rates and types of 48 metabolites, some drugs exit the human body relatively unchanged and are subsequently 49 not fully removed during sewage treatment. Concern is growing regarding potential 50 environmental effects of PPCP pollution for a number of reasons: 1) many drugs interact 51 with a biological target shared by humans, other animals and even plants and 52 microorganisms; 2) most act at relatively low concentrations; 3) pharmaceuticals need 53 time to achieve the desired effect and thus are designed specifically to resist degradation 54 in the body (15); 4) pharmaceuticals are constantly added to aquatic ecosystems and their 55 rate of addition often exceeds transformation or degradation rates, and 5) chronic 56 exposure has been linked to the development of antibiotic resistant bacteria (7). 57 58 Current ecological assessment approaches for PPCP monitoring (using conventional 59 aquatic toxicity tests) are performed in isolation and out of context of a larger and more 60 relevant ecological structure (8) sonicated DNA was end-repaired using an End-it kit (Epicentre Biotechnologies, 142
Madison, WI) and incubated with Taq DNA polymerase and ATP for 1h at 72°C to create 143 an "A" overhang compatible with UA ligation. End-repaired DNA was then ligated into a 144 pDrive vector (Qiagen, LaJolla, CA) and transformed into XL1-Blue competent cells 145 (Strategene, La Jolla, CA). The 9,600 clones were picked by a VersArray colony picker 146 (Bio-Rad, Hercules, CA) at the Concordia University Centre for Structural and 147
Functional Genomics (Montreal, QC, Canada). DNA was extracted from clones by 148 boiling lysis (5 min at 95°C) and then amplified by PCR using vector-specific primers. 149 PCR products were purified using Multi-Screen FB 96 well purification plates (Millipore, 150 Billerica, MA). Following gel analysis and DNA UV quantification, 6351 PCR products 151 were classified as "good" (66.2%) and 917 PCR products were classified as "weak" 152 (9.6%). The remaining reactions (2332; 24.3%) showed either no product or multiple 153 bands and were classified "failed". PCR-amplified full length 16S rRNA genes from an 154 uncultured bacterium (closest match to GenBank accession no. GQ397043 with 95 % 155 identity) were added to be printed twice in the last row of each of the 48 sub-arrays. All 156 PCR products were then printed in duplicate on amino-silane coated glass slides with a 157 VersArray Chip Writer Pro printer (Bio-Rad). The detailed microarray design was 158 deposited in NCBI GEO and can be accessed through GEO platform no. GPL10021. 159
160
Microarray hybridization, scanning and data processing. Prehybridization was 161 carried out at 50°C for 1 h by submerging slides in a 1% BSA, 5X SSC and 0.1% SDS 162 solution. The product of the whole cDNA labelling reaction was dried in a speed-vac 163 on September 23, 2017 by guest http://aem.asm.org/ Downloaded from apparatus and resuspended in 45 µL DIG Easy Hyb hybridization buffer (Roche 164 Diagnostics, Laval, QC, Canada) and mixed with 750 ng of Cy5-labelled composite DNA 165 (in 45 µL of DIG buffer). This mixture was denatured at 95°C for 2 min and hybridized 166 to the microarray slides for 16 h at 50°C on a Slide Booster apparatus (Advalytix-167 Beckman Coulter, Munich, Germany). Slides were washed three times in 0.1X SSC and 168 0.1% SDS for 5 min at 42°C, rinsed three times in 0.1X SSC and dried with filtered 169 nitrogen. Slides were then scanned in a ScanArray Lite (Perkin Elmer, Boston, MA) at a 170 10 µm resolution. Resulting image files were gridded and quantified using ScanArray 171
Express. Text files containing quantitative data were imported into the R package (v. 172 2.9.0, The R Foundation for Statistical Computing) and normalized using the "limma" 173 package. Spot intensities were corrected for background using the "backgroundCorrect" 174 function with the "normexp" method. Intensities were then normalized within each array 175 using the "normalizeWithinArrays" function with the "loess" method. Spot log-ratios 176 were normalized between arrays using the "normalizeBetweenArrays" function with the 177 "Gquantile" method. The resulting normalized A-matrix (average log-2 expression 178 values) was then exported to Excel where duplicate probe values were averaged. This 179 matrix was used in further statistical analyses. Microarray data discussed here have been 180 deposited in NCBI GEO (10) Table S1 . These primers were then used in qRT-PCR reactions to confirm 197 trends observed on the microarray. qRT-PCR reactions were carried out at an annealing 198 temperature of 55°C using an iScript One-Step RT-PCR kit with Sybr green (Bio-Rad) as 199 previously described (36, 38) . Genes used to design the primers were amplified from 200 plasmids and their concentration adjusted from 1×10 6 to 1×10 2 using 10 fold serial 201 dilutions. The 16S rRNA was quantified using primers and conditions of Fierer et al. (12) Foundation for Statistical Computing, Vienna, Austria). Correspondence analyses were 212 carried out using the "cca" function of the "vegan" package. Microarray printing batch 213 was included as a covariable for which the effect was removed before performing the 214 analysis. Correspondence analysis was first carried out with all replicates, but a large 215 variation was observed between some replicates. Upon careful visual inspection of 216 microarray pictures, several problems were detected with outlier replicates (large 217 scratches on slides, abnormal background for some subarrays, etc.) and they were 218 therefore removed from the dataset before further analyses. For analysis of variance 219 (ANOVA), normality was tested using the "shapiro.test" function. When necessary, data 220 was log or square root transformed to meet parametric ANOVA assumptions. ANOVA 221 and post hoc Tukey HSD tests then carried out using "aov" and "TukeyHSD" functions, 222
respectively. When transformations failed to normalize data, Kruskal-Wallis and 223 associated multiple comparison tests were carried out using "kruskal.test" and the 224 "kruskalmc" functions of the "pgirmess" library, respectively. that the different drug treatments were clearly separated on the first and second axes, with 234 the control located right in the ordination center (Fig. 1a) . Individual probe scores on the 235 first and second axes were thus used as proxies for association strength with treatment. 236
The 96 highest positive and negative scores for each axis were selected and sent for 237
sequencing. Approximately 30 high quality sequences had significant matches in 238
GenBank (E-value below 1×10
-5 ) for each side of each axes. These probes are depicted in 239 Tables S2-S5 . Probes were determined to be either positively or 240 negatively associated with a treatment (sometimes both) based on their average 241 normalized intensity for that treatment as compared to the other treatments (Tables S2-S5  242 and Fig. 2 ). It should be noted that the two first axes only accounted for 27% of the 243 variation in the dataset and even though they represent the strongest variation in the data, 244 other important trends might be missed by the ordination procedure. replicates of a single treatment showed more variability than for WC, but average 251 positions for each treatment were clearly separated from each other on the two ordination 252 axes (Fig. 1b) . Relative treatment positions were not exactly as seen in WC samples, but 253 some similarities were evident (e.g. opposition of ER and SN treatments). The 48 highest 254 positive and negative scores for each axis were selected and sent for sequencing. 255
Approximately 15 high quality sequences had significant matches in GenBank (E-value 256 below 1×10 -5 ) for each side of each axis. These probes are depicted in Fig. 1b and listed 257
in Tables S6-S9 . Probes were determined to be either positively or negatively associated 258 with a treatment (sometimes both) based on their average normalized intensity for that 259 treatment as compared to the other treatments (Tables S6-S9) . Tables S6-S9. Interestingly,  289 11 of the 192 probes having highest scores on each side of the two first axes for the SSR 290 biofilms, were also among the 384 probes that had highest scores for the WC biofilms. 291
Among these 11 probes, three had significant matches in databases and are reported in 292 Tables S2-S5)  297 were used to design qRT-PCR primers. These primers were then employed to confirm 298 and quantify expression patterns observed on microarrays for WC biofilms. Values for 299 the different assays are given in Table 2 . While responses were quite variable between 300 different replicates of a single treatment, differences observed were not significant 301 expression of bacterial heat-shock and cold-shock genes (25, 29) . Accordingly, in this 343 study a heat-shock protein (chaperone DnaK) was over-expressed in the ER treatments. 344
Other genes potentially related to stress response that were influenced by ER included a 345 type II restriction enzyme, the umuD protein and the recA protein, some of which were 346 previously associated with antibiotic exposure (22). ppGpp synthetase was also 347 previously associated to stress response in bacteria (4, 35) . Gemfibrozil. We are not aware of any study reporting on the transcriptomic response of 367 microorganisms to low doses of the lipid-regulator gemfibrozil. Recently, however, it 368 was shown that high doses of GM inhibited bacterial fatty acid synthesis (28). A variety 369 of responses, including an increase in acetylcholinesterase, succinate dehydrogenase and 370 glucose-6-P dehydrogenase activities, has also been observed in fish cells at low GM 371 doses (43). In our study, genes that showed a positive response to GM included several 372 related to lipid metabolism, indicating that GM might affect this process at low 373 concentrations. Another potentially important gene responding positively to GM was a 374 flagellar synthesis regulator. For some microorganisms this response could indicate a 375 shift from sessile to planktonic forms, i.e. dispersal from the biofilm. Such a shift has 376 been shown for bacteria in response to sub-inhibitory doses of antibiotics (22) and it 377 could have repercussions on biofilm formation by reducing attachment and/or increasing 378 dispersal. It could also influence the bacterial transcriptional response as this response 379 differed in bacteria grown in liquid vs. solid media (13). From our results, it also 380 appeared that GM could cause some changes in community structure by inhibiting 381 specific organisms (e.g. Chitinophaga pinensis). The other pharmaceutical products (ER, 382 SL and SN) also inhibited or stimulated some microorganisms, indicating that the small 383 molecules tested all have the potential to cause shifts in community structure and/or 384 function. Interestingly, all the products tested caused a relatively large decrease in the 385 levels of 16S rRNA, indicating that these pharmaceutical products either decreased 386 The discrepancies between qPCR and microarray data reported here are not necessarily 436 indicating a lack of quantitative power for the microarray platform. Such divergences 437 have been previously found for a range of different genes (39, 41). In our case, 438 incongruities could be due to differences in probe specificities (400-600 bp) as compared 439 to the primers (~20 bp). Primers were designed to be specific to the probe sequenced and 440 to exclude all bacterial sequences present in the "nr" database of GenBank. 
